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l. SCOPE

1.1 PURPOSE

This Interface Control Document (ICD) defines and controls the
detailed interface requirements of the Space Support Equipment
(SSE) Axial Scientific Instrument Protective Enclosure (ASIPE) to
the Axial Scilentific Instrument (SI). This SSE shall include a
Load Isclation System (LIS) and may include other SIPEs. This

control is necessary to assure geometric and functional
compatibility of these items for the successful performance of

Hubble Space Telescope (HST) servicing missions.

1.2 ORGANIZATION

This ICD has been organized under the areas of Scope, Applicable
Documents, and Requirements. The Requirements section 1s further
subdivided into mechanical, structural, environmental,
electrical, and astronaut interface areas between the ASIPE and
the SI.

1.3 CONTENT STATUS

The data presented in this document represent current design
definition in all cases except for those noted with a To Be
Determined (TBD) or a To Be Resolved (TBR). "TBD" indicates the
need for data which are currently not available, even in
preliminary form. "TBR" indicates that the data supplied 1s the
best information available but final details must be resolved by

one or more interested parties.
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1.4 ICD CHANGE PROCEDURE

Oonce this document is baselined, changes to this ICD, or removal
of either a "TBD" or "TBR" must be done formally. This will
require that a Preliminary Interface Revision Notice (PIRN) and
its associated Configuration Change Request (CCR) be processed
through a Goddard Space Flight Center (GSFC) Configuration
Control Board (CCB) 1in accordance with SCM-1020B. A table of

TBD/TBRs will be maintained at the front of this document until
they all have been resolved.
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2. APPLICABLE DOCUMENTS

The following documents, at the revision levels noted, form a
part of this Interface Control Document to the extent specified.
In the event of a conflict between any of the followiling
referenced documents and this ICD, the following order of
precedence shall be adhered to: 1. ST-ICD-02; 2. this document;

3. all other reference documents.

2.1 GOVERNMENT DOCUMENTS

Document Name

ASTM E~-595 Methods of Test, Total Mass and Collected
Volatile Condensable Materials from Outgassing
in a Vacuum Environment

FED-STD 209D Clean Room and Work Station Requirements,
Controlled Environment

ICD-A-14009-SM Shuttle Orbiter/HST SM2 Cargo Element
Interfaces

MIL-STD-1246B Product Cleanliness Levels and Contamination
Control Program

NSTS 07700 Shuttle Orbiter/Cargo Std. Interfaces
Volume XIV

Attachment 1

NSTS 07700 System Description and Design Data
Volume XIV Extravehicular Activities

Appendix 7

SCM-1020B HSTP-G Configuration Management Plan
ST-1CD-01F SSM to OTA I1ICD
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Document Name

ST-ICD-02E Axial SI to OTA and SSM ICD

ST-ICD-10F ST to SSE

STR-29 HST SM Contamination Control Requirements

2.2 NON-GOVERNMENT DOCUMENTS

Document | Name

HDOS

679-0218-023 Drawing, "A" Fitting (1/3 SI)
679-0219-023 Drawing, "A" Fitting (2/4 SI)
679-0393-034 | Drawing, "B" Fitting (1/3 SI)
679-0392-034 Drawing, "B" Fitting (2/4 SI)
911-7140-001 Drawing, "B" Fitting (2/4 SI)
679-5832-013 Drawing, "C" Fitting
911-7113-001 Drawing, "C" Fitting

679-0057 Drawing, "A" Latch Interface
679~0374 Drawing, "C" Latch Interface
679-0945-007 Drawing, Guiderail/Microswitch
679-4807-005 Drawing, Guiderail/Microswitch
679-9954 Drawing

TE 679-4046 OTA/SI Latch Qualification Test
TE 679-4081 OTA/SI Latch Qualification Test
TE 679~4082 OTA/SI Latch Qualification Test
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3. REQUIREMENTS

3.1 INTERFACE FUNCTIONS

The ASIPE is an enclosure which supports and protects an Axial ST
during HST servicing missions utilizing the Space Transportation
System (STS). A servicing mission will include taking a
replacement SI up to orbit for installation in the HST and the
return of either the replaced or replacement SI from orbit. This

requires that the ASIPE conform to all required interfaces with
the Axial SI.

3.1.1 ST Interface Functions

The SI being carried has interfaces with the interior of the
SIPE. The SIPE, in conjunction with the rest of the SSE, will
maintain the SI's environment within the required parameters as
detailed in this document and ST-ICD-02. The SIPE will support
the Axial SI at its three mounting points, "A,"™ "B," & "C,*"
utilizing a set of HST-type flight latches. The attachment at
these three points is the same as that provided by the Optical
Telescope Assembly (OTA) (see ST-ICD-02) and is statically
determinate. The constraint directions are contained in Table
3—-1.

It is important to note that Axial SIs and their latches have two
configurations. They may fit in either axial bay positions 1 & 3
or positions 2 & 4 of the HST aft shroud. Mission flexibility,
therefore, requires that it be possible to configure the SIPE for
compatibility with either SI position. This requires the
capability to mount latches for either a position 1 & 3 or a
position 2 & 4 SI in the SIPE.

3-1
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Table 3-1
L.atch Constraint Directions

Latch Point Constraint Directions
"A® tA, tA, tA,
"B" tA, 1A,
o tPerpendicular to the line connecting points
"A" and "C"
Reference: Figure 3-2 for coordinate system definition.
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In addition to ground integration/deintegration activities, it
must be possible for astronauts during an Extra Vehicular
Activity (EVA) to remove the replacement SI from the SIPE and
install either the replacement or the replaced SI into the SIPE
without causing any damage to the SI or the SIPE or creating any

personnel hazards.
3.1.2 SSE Interface Functions

The Orbital Replacement Unit Carrier (ORUC) SIPE shall be capable
of being flown alone or in conjunction with other SIs/SIPEs and
Orbital Replacement Units (ORUs) in a variety of possible
combinations depending on servicing mission requirements. Future
mission flexibility requires that mechanically attached and
therefore replaceable side beam structure be included to provide
for adaptation to different mission configurations. The potential
ORUC SIPE combinations which may be flown in support of HST are:

1. ASIPE alone.
2. Fine Guidance Sensor (FGS) SIPE (FSIPE) and ASIPE.

The Second Axial Carrier (SAC) SIPE shall be flown alone or 1in
conjunction with other ORUs in a variety of combinations,

depending on mission requirements.

The SIPE shall be mechanically and electrically connected to
whatever SSE configuration is required for a particular servicing
mission. Except for acoustics, the SIPE is not responsible for
providing any load attenuation capability. The SSE shall be
responsible for ensuring compliance with all of the load

requirements of Section 3.4.1.
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3.2 GENERAL INTERFACE CHARACTERISTICS

3.2.1 Interfaces

The SIPE has mechanical, structural, and environmental (loads,
thermal, pressure, and contamination control) interfaces with the
Axial SI. It also has electrical and structural interfaces with
the SSE and possibly, depending on mission configuration, with
another SIPE.

3.2.2 Coordinate Systems

The Axial SI coordinate systems, (P,, P,, P;), and the HST
coordinate system, (V,, V,, V;), are shown in Figure 3-1. Note
that the SI position 1 and 3 coordinate system is unique with
respect to the position 2 and 4 coordinate system. The STS
coordinate system (X,, ¥,, Z;), which is also used for the ORUC,
the FSS, and other SSE, is defined in NSTS 07700, Volume X1V,
Attachment 1, (ICD 2-19001). These are illustrated in Figure 3-2.

3.2.2.1 ASIPE Coordinate System. The ASIPE coordinate system
(A, A,, A;) is coincident with the SI position 1 and 3 coordinate

system (P,, P,, P;) when one is mounted in the ASIPE and theilr
origin is at the "A" latch point. If a position 2 or 4 SI 1is
flown, the "A" latch point and the SI's coordinate system will
not be coincident with the ASIPE's. This is shown in Figures 3-2
and 3~-3. When flown in the ORUC or the SAC, the ASIPE shall be
positioned with its A, axis parallel to the orbiter 37, axis and
its A, axis parallel to the orbiter X, axis as shown 1in Figure
3=2.
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V3

HST VIEW LOOKING AFT; JAN 34

NOTE: The "A" latch points are at the P,, P,, P, coordinate origins and are offset £6.400" as appropriate
from the V, axis in both the V, and V, directions.

Figure 3-1. Axial ST Coordinate Systems

3=5
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P3

A2P2

%1
ALP1 4

‘A LATCH, SI POS, 1&3
‘A’ LATCH, ST POS. 284

NOTE: The SIPE coordinate system (A, A,, A,) is coincident with the positions 1 & 3 SI coordinate system
(P,, P,, P,) but not with the positions 2 & 4 SI coordinate system (also P,, P,, P,). The "A" latch will
always be located at the SI coordinate system origin.

Figure 3-2. ASIPE versus STS and HST Coordinate Systems

3=-6
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O
STS
YO
AXIAL SIPE WITH AXIAL SIPE WITH
POSITION 1 OR 3 POSITION 2 [UR 4
INSTRUMENT INSTRUMENT

Figure 3-3. ASIPE versus SI Coordinate Systems

3=7
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3.3 MECHANICAL INTERFACES

The mechanical interfaces described in this section include the
ASIPE envelope, the Axial SI latch mounting interfaces, the SI to
ASIPE guiderails, ground handling interfaces, electrical

connectors, purge fittings, and venting.

Unless otherwise noted all dimensions are applicable at 21°C and

are in inches with tolerances as follows:

XXX = 0.005 1in. Angles = 30 min.
XX = 0.01 1in.
. X = +0.05 1in.

3.3.1 IPE Envelopes

Figure 3-4 shows the static interior envelope of the SIPE. All
SIPE hardware (except items which must reach the SI such as
latches and purge fittings), including heaters, SIPE cabling,
etc. must be physically located outside of this static envelope.
Dynamic exterior and interior envelope clearances for the SIPE
shall be verified by analysis. Axial SI static and dynamic

envelopes are defined in ICD-02, Figures 3.3-1, 3.3-2, 4.3-1, and
4.3-2. There must be no dynamic contact between the SIPE and

either the SI or any other flight hardware.

3.3.2 SI Mechanical Interfaces

The SIPE shall support the Axial SI at the three latch

(interface) points, "A," "B," & "C". These point locations

3-8
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NOTES: 1. Dimensions are minimum unless otherwise noted.
2. The interior envelope is the continuous line. Axial SI and SIPE exterior envelopes are
shown as dashed lines for reference.

3. Reference: ST-ICD-02, Figure 3.3-1.

Figure 3-4. SIPE Static Interior Envelope
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relative to the "A" latch are shown in Figure 3-5. The locations
of these latch points for the two possible instrument position

configurations are defined in Table 3-2.

For informational purposes, the stiffnesses associated with each

of the latches are shown 1in Table 3-3.

3.3.2.1 Latch Mount Points. The latch point geometry 1is shown
in Figure 3-5. The SIPE/SI mount point fitting "A" is a ball-in-
socket latch and is shown in Figure 3-6. The "A" latch 1s
actively engaged and provides a drive screw on the SIPE halfl that
engages a ball and socket. The SIPE half also includes
microswitches for the "A" SEATED and the "A" LATCHED indicators.
The latch at point "B" is an actively engaged rod in spherical

bearing with a preload spring and is shown in Figures 3-7a and b.

““' The "C" latch is a passive ball in flexure constraint as shown 1n

Figure 3-8.

The SIPE half of all latches including actuating/locking
mechanisms will be GFE. This will include the interconnecting

drive shafts.

3.3.2.2 Guiderail Interface. The Axial SI has guide blocks
attached to it. Guiderails with interface dimensions matching
appropriate portions of the OTA and Support Systems Module (SSM)
rails shall be installed on the SIPE to guide the SI during its
installation and removal. Figures 3-9a and b show the critical
SIPE guiderail locations and dimensions. The rail nearest the "A"
and "C" latches includes a microswitch for the "B" READY
indicators. The guiderail shall be clearly marked with a line or

3~10



ST-ICD-91
Baseline Issue
July 29, 1994

NOTES: 1. Latch locations for carrying a position 2/4 SI shown. For a position 1/3 SI the
latches are symmetrically opposite.

2. The 85.727 dimension applies only when the SI is inserted in the SIPE and fully
latched.

3. All dimensions are basic.

Figure 3-5. SI to SIPE Latch Interface Points
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Table 3-2
Latch Coordinates

SI POSITION  LATCH A, A, A,
1 and 3 "A" 0 0 0
1 and 3 "B" -85.727 -2.400 -2.400
1 and 3 “C" 0 +21.177 +21.177
2 and 4 "A" 0 0 +23.600
2 and 4 "B" -85.727 -2.400 +26.000
2 and 4 "C" 0 +21.177 +2.423

Table 3-3

Latch Stiffnesses (TBR)

Avg. Stiffness, 1000 Lb./In.

Latch A, Dir. A, Dir. A, Dir. Notes
"A" Tens./Comp. 245.0 223.0 117.0 1
“B" Tens./Comp. —_— 82.0 125.0 2,3
"C" Fitting 158.0 Perpendicular to line between "A" and 1
Flexure 8.0 "C” latches. 1
Notes: 1. HDOS "Axial Latch Design and Manufacturing” presentation and HDOS "HST Dynamic

Math Model Review."
SAI "Revised B Mount Stiffnesses for the Proposed B Latch Flexure Redesign.”
Latch and drive location may be rotated 90° for SAC. This will result in a rotation of the B

latch stiffnesses.

W N
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SECTION A-A

& @ 0.3910.05
& 000 ®[4]¢]

IRN 001

.-G.-
y I 0. 0004
AT 'IJUE?Eﬂ‘u_UE:n ¢j nm_
(7 911-1079, SPHERICH YASER |
) | 062 S}HELH}I
BBl
BT
P | pog0]
DETAIL A | | IS : t ':J — 008 |

NOTES:

NOTE: LATCH NOT SHOWN FOR CLARITY

SI position 2/4 latch shown.

Use HDOS Dwg. 679-0057 for interface hole pattern defimtion.

Reference HDOS Dwg. 679-0218/19 for latch configurations.

Matched spherical washer set, HDOS 911-3979-003, required under 4 bolt heads.

b

Figure 3-6. "A"™ Latch Interface, SIPE Side
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/

=

N

Adjust or shim as required to obtain dimensions shown in Figure 3-5.

HST position 1/3 latch is shown in location for a position 2/4 SI.

Ref. HDOS Dwg. 911-7140 and 679-0392/93 for latch configuration.

Latch and drive location may be rotated 90° for the SAC. This will result in a
rotation of the B latch stiffnesses and allowables in Table 3-3 and Table 3-4.

Figure 3~7a. "B" Latch Interface, SIPE Side
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il 5
wl./
~g* (BXD .875)
0G0 MAX (4 363)
X B A / —1.95Q
- & 1= Fo {80
- A -Z-| .000
} — % f ®'—_— T | I 7
B 32 1 10.001 E 4 —.000[ -2 (2
I Vsl | o
# o
-Z- REF 9 —{1.718](
: ; | 78J 6x .3251.005
é 0.006(7
. —4.00](2) 5, 6250 000
rzy' | -,
7 & _T0.0005 ®[2]
N 565> [ [o.001]8]
' A : -
;’ﬁ' 7.000](2)
g;
4 |
/ N 5.7715()
1 | +,0005
J PIN ENGAGEMENT 0 2xp 6250 " gagp
62 MIN 2 PCS(D@ C & D‘-OOD?@) -
SECTION A_A | l _l____U.UU_l__ A
] [0.100% |E]
. Locations for SI pos. 1 & 3 *B” Lotch shear pins (678-0333)
0 . Locations for §1 Eus* 2 & 4 *B" Latch shear pins (679-0192)
‘Flotness and parallelisn for 'Uakruylesﬁ‘ latch. |
Latches with Mykroy require 0.001 flatness ond paralleiisn.
@ :Datun -S- refers to line forned by two shear pin hole Lenters.
Section B-B (rotated 90-°)
Figure 3-7b. "B" Latch Interface, SIPE Side
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1. Four counterbores required for Mykroy equipped latch only.

2. Flatness and parallelism for "Mykroyless” latch. Mykroy equipped latch requires
0.001 flatness and parallelism.

3. Ref: HDOS Dwgs. 679-5832 and 911-7113 for latch configurations.

Figure 3-8. "C" Latch Interface, SIPE Side
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A3 ' . 86.934 £.070 —

N
NNAANAARANS

‘ i 573wy SECTION A-A

—— 4,250

%
\
%
D

. SEE DETAIL A SEE DETAIL B

.
A 2.9 TO FWD STOP A
9.84 TO BOTTOM OF
C GUIDERAILS
Al 3
603 TO AFT STOP
NOTES: 1. SI position 2/4 guiderails shown.
2. Ref. HDOS Dwg. 679-0945-007 and 679-4807-005 and ST-1CD-01F, Figure 3.3.11-
4A and B.

Figure 3-9a. SI To SIPE Installation Guideraill Interface
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|

gl Salniinle Sak

Ill et l— &9
i 21.500 DETAIL B

NOTE: For details of microswitch location/adjustment in Detail A see HDOS drawings 679-0945-007 and
679-4807-005.

Figure 3-9b. SI to SIPE Installation Guiderall Interface
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lines to show the proper position of the SI when it is fully
inserted prior to latch engagement. The guideraills shall not make
either static or dynamic contact with the SI when the latches are

engaged.

3.3.2.3 Interface Alignments. The SIPE mounted latches and

gquide rails will interface directly with flight instruments.
Alignment of the latches with respect to the guide rails is
critical to insure that the Axial SI can be installed/removed

from the ASIPE without damage and that the SI is held clear of

the rails during launch and landing. The alignments shall be |
verified using the HDOS Axial SI Simulator, part number 679-9954.
Figure 3-10 and Table 3-11 define the alignment requirements. i

IRN 001

3.3.3 Ground Handling Interfaces

It shall be possible to open and close the 1lid in both horizontal
and vertical configurations. The ground support equipment (GSE)
and its SIPE interfaces shall provide for horizontal ground
handling and transportation of the following configurations:

1. ASIPE alone.

2. ASIPE during SI fit checks/installation.
3. For the ORUC ASIPE combined with an FSIPE during SI

integration/deintegration and with neither, either, or both
SIs installed in their respective SIPEs.

3.3.4 ST Removal and Installation on Orbit

The SIPE must be compatible with the replacement and the replaced |
Axial SIs. The SIPE shall be designed so that an EVA crewmember
can unlatch and open the doors of the SIPE usling the door

IRN 001
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3x SPHERICAL
BEARING CENTER

1.688 REF | ‘-.l

239 .89501.020 /

/0,21910.009

Al

0.000£0.025 L:L.- l D_j_ﬂ' E

s —
ATy )

1.  A-coordinate system defined at the center of the "A" spherical bearing (both ASIPE and SI
halves).

2.  Latch locations for carrying a 2/4 SI shown. For a position 1/3 SI, the latches are
symmetrically opposite. |
3.  The 86.067 dimension applies when the SI is inserted in the ASIPE with a 0.135 gap

between the "B" latch track and housing. This gap is .152+.030 with the Axial Scientific
Instrument Simulator (ASIS).

4. Data -E-, -B-, and -G- are physical latch seating surfaces. Data -A-, -F-, and -Z- are shear
pin holes.

Figure 3-10a. ASIPE Latch Alignment Requirements
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B-LATCH
SHEAR PIN3

0.100zZ]E

SECTION |
| A—AJ

J.632%.005 J

1.

A 0. 366L]E
91.395+.03]1 FOR 173 51 0.0011B
Q2 .2701.03] FOR 274 S1 '

A-coordinate system defined at the center of the "A" spherical bearing (both ASIPE and SI
halves). i

Latch locations for carrying a 2/4 SI shown. For a position 1/3 SI, the latches are
symmetrically opposite.

Figure 3-10b. ASIPE Latch Alignment Requirements
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Reserve

+0.169°

+2.034° +0.286°

Latch Static and Dynamic Tolerances
Latch Mount Interface
"C" Latch Clamshells
Pts. "A" to “"C"

Table 3-11
Latch Alignment Static Alignment Dynamic Excursion
Requirement Tolerance Tolerance
"B* Latch Plunger O.D
Perpendicularity to "A”

+(.480° +1.041°
(Datum E) in A
Direction.
"B" Latch Plunger O.D
Perpendicularity to "A"
Latch Mount Interface +0.480° +1.041°
(Datum E) in A,
Direction.
O.D. Perpendicularity to
"A" Latch Mount
Interface (Datum E).
Dimension of 29.950 at
45.0° to A, and A, Axes.
Pts. "A" to "C"

+0.020° +(.152° +0.019°

+0.038° +0.007°

Dimension of 0.000 in
Despace (A,).
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latches. Operation of the SIPE SI latches shall be similar to
operation of the HST aft shroud SI latches. The astronaut can
then extract the replacement SI using its handrails and/or the

Axial SI handle provided. The SI being replaced will have been
removed from the HST and parked. The EVA crew members will
install the replacement SI into the HST, and then will install
the SI to be returned into the SIPE. There will be no provision

for parking an SI or stowing any associated tools on or 1in the
SIPE.

The design of all EVA interfaces shall meet the requirements of
STE-43.

3.3.5 SI Accessibility

After installation of the Axial SI into the ASIPE, there will be
access only to the top and 45° chamfer surfaces of the SI,
provided that the main SIPE door is open. The rest of the SI must

be considered inaccessible.

3.3.6 Electrical Connector Location

All electrical connectors and associated brackets or openings for
both the SIPE and SI checks shall be located at the aft end of
the SIPE.

3.3.7 Venting and lLeakage

A vent with a removable/replaceable filter shall be located on
the aft end to preclude damage to any part of the SIPE or 1its SI
due to differential pressure during launch and return and to
minimize the possibility of instrument contamination. The filter

3=-21
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shall prevent passage of particles greater than 30 um. The

effective filtered vent area shall be sufficient to limit the
maximum differential pressure seen by the SIPE during liftoff and
landing events to 0.10 psi.

ILeakage at the various joints of the SIPE is important from a
contamination standpoint. The intent shall be to have no leakage
in its outer skin or between the SIPE body and any removable
doors or panels which will compromise compliance with the
contamination requirements of this document.

3.3.8 Purge

Routing of the purge gas directly to the SIPE interior and/or
instrument is to be accomplished via a purge line to an internal
purge fitting which interfaces with the SI’s forward bulkhead '
aperture snout as shown in Figure 3-11. During removal of the SI
from the SIPE, this purge fitting remains with the SIPE. The
purge fitting interface shall accomodate SI/SIPE misalignment and
minimize interface forces to the SI. The fitting shall not impede

on-orbit installation of the returning SI.

The quality and composition of the purge gas shall not pose any
safety hazard to the surrounding area or personnel and shall
satisfy the requirements of the SI. The composition and flow rate
of the gas supplied by the STS contractor will be determined by
the SI contractor. The purge gas shall be either dry manufactured
air or nitrogen for an empty SIPE. The SI purge gas should be dry

nitrogen

3-22
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3.3.9 Cryoden

Sub-cooling of a cryogenic SI through the SAC SIPE door opening
shall be possible with the SI installed provided that all
required areas of the dewar are accessible with the SIPE door

open. An additional access door for coocl-down of the cryogen
shall be provided in the main door.

3.4 STRUCTURAL INTERFACES

3.4.1 Loads

The SIPE/SSE system shall be responsible for ensuring that latch

and instrument limit loads and acoustic limits are not exceeded.

3.4.1.1 Latch Limit lLoads. The latch limit loads shown in Table
3-4 are for reference only. Qualification of the original OTA/SI

latches was accomplished utilizing a 1.25 test factor applied to
limit loads. The limit loads include the "B" latch preload on the

SI of 800 lbs +50/-0 lbs applied between latches "A" and "B" at
20°C. SM-2 latch limit loads shall be verified by stress analysis

and test as required.

3.4.1.2 SI Limit ILoads. The maximum allowable limit loads at
the SI center of gravity shall be as specified in ST-ICD-02,

paragraph 4.5.1.4.

3.4.1.3 Random Vibration Levels. The maximum allowable random
level transmitted to the SI shall be as specified in ST-ICD-02,

raragraph 4.5.1.6.
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Table 3«4
Latch Limit Loads (Lb)

Latch A, Dir. A, Dir. A, Dir.
” +4197 12278 12407
-2231
"B" Preload | 12540 +1370
"C" 12650 Perpendicular to line between "A" and "C" latches.
1. Valid for Latch orientations as shown in Figures 3-6 through 3-8.
2. References: HDOS Documents TE 679-4046, TE 679-4081, TE 679-4082.
3. Latch and drive location may be rotated 90° for SAC. This will result in a rotation

of the B latch allowables.
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3.4.1.4 Acoustic Loads. The maximum allowable acoustic levels

transmitted to the SI shall be as shown in ST-ICD-02, Paragraph
4.5.1.7.

3.4.1.5%5 EVA Loads. For general on-orbit serviclng operations,

the following EVA loads and conditions apply.

3.4.1.5.1 Guiderail lLoads. During SI on-orbit changeout, the
gulderalls attached to the SIPE may be subjected to an
1nadvertent crew member imposed limit load of 100 lbs in
accordance with ST-ICD-02, Paragraph 4.5.1.8.2.

3.4.1.5.2 Latching Loads. During SI removal and installation in
the SIPE, the "A" and "B" latch actuator rods will be locked and
unlocked by an EVA crew member using standard EVA tools. The

maximum load conditions for the actuator rod and other hardware

are given in ST-ICD-01, Paragraph 3.5.7.1.

3.4.2 Mass Properties

The weight of GFE hardware items for the SIPE are defined in
Table 3-5.

The axlal SI mass property requirements are defined in ST-ICD-02,
Paragraph 4.5.3. The mass properties of the Cosmic Origins IRN 002,
Spectrograph (COS) shown in Table 3-6 are allowables, not final, 004
and shall be updated by the instrument manager. Table 3-6 1is

informational only and subject to updating.
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Base Weight (lb.)
GFE
Weight (1b.)
“Total Weight (1b.)
Ay (1n.)
A> (1n.)
A (in.)

Table 3-5

GFE Hardware

ITEM
Mount Point "A", SIPE Side
Mount Point "B", SIPE Side
Mount Point "C", SIPE Side
Latch Mounting Hardware

Table 3-6

ST-ICD-91
Baseline Issue

ST Weight and C.G. Summary

HRS FOS FOC
688.2 681.2 703.6
22.5 22.5 22.5
710.7 (£1.1)  703.7 (£3.3) 726.1 (z1.1)
-36.53 (1) -46.63 (+.28) -42.33(x.4)
12.0 (£.1) 12.3 (£.28) 10.1 (£.4)
12.2 (+.1) 11.5(x.28) 95 (+4)

HSP COSTAR
580.3 658
22.5 32.5
603.3 (x1.2) 690.5
-39.13 (£.25)  -43.29
10.9 (x.25) 9387
11.4(x.25) * 982
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WEIGHT, Lbs.
52
30.2
5.7
3.0
NICMOQOS  STIS ACS COS
828.6 BO7 821 852
33 30 64 50.5
B861.6 R37 8RS 902.5
4682  -427  -46.62 -2010-50
11.87 10.8 1226 12 +/-1.7
11.91 10.5 10.93 12 +/- 1.7

IRN 00Z%,
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3.5 ENVIRONMENTAL INTERFACES

3.5.1 erma nte ces

The SIPE is intended to be used for transporting an SI into orbit
for installation in the HST and returning the replaced instrument
to Earth. The thermal environment inside the SIPE shall be
maintained by passive and active means.

3.5.1.1 SI Temperature Limits. Table 3-7 defines the SI
temperature limits for different mission phases. The replacement
SI shall be maintained within the limits for cargo bay to Earth
(-Z2LV) attitudes; these limits condition the SI such that it can
be installed into HST within the turn-on temperature range to
allow for immediate SI turn-on and checkout. For other attitudes
defined in ICD-2-14009-SM and for the returning SI, the SIPE
shall maintain the non =ZLV limits. The SIPE shall maintain the
returning SI between structural safety limits during all portions

of the reentry and landing.

3.5.1.2 SI to SIPE Conduction Interfaces. The maximum effective
thermal conductance of each latch point attachment fitting from
the SIPE wall to the SI mounting surface shall be as follows:

"A" TLatch .5 W/*C
"B" TLatch .5 W/°C
nC" Latch .5 W/°C

3-28
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-ZLV Shuttle Attitude

Non -ZLYV Shuttle Attitude
Structural Safety Limit

Table 3~-7
Axial SI Temperature Limits

Lower Limit °C

3=-29
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Upper Limit °C »
+ 30 O

o

+35 é

+60 -
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3.5.1.3 SI to SIPE Radiation Interﬁacés. For thermal design
analysis purposes, the surface characteristics for the original

and replacement SIs are identified in ST-ICD-02, paragraph
4.6.1.1.3.

3.5.2 Contamination

The ASIPE is considered contamination sensitive hardware per
STR-29. This is, by definition, hardware that is taken inside the
HST aft shroud or hardware that comes in contact with i1tens
inside the aft shroud. The design, assembly, and certification of
the SIPE shall be performed in such a manner as to preclude the
SIPE from being a contamination source to 1its payload.

Contamination requirements during STS descent/landing and post
landing events will be limited by the capabilities of the filter

specified in Section 3.3.7.

3.5.2.1 Cleanliness/Environment Requirements. The following
requirements are based on the current Servicing Mission (SM)

program plan. In the case where a conflict arises, the most
stringent requirements shall apply.

a. Materials selected for HST spacecraft shall meet the minimum
vacuum outgassing screening criteria as tested according to
ASTM E-595 (i.e., have a maximum total mass loss [TML] of
1.0 percent and a maximum collected volatile condensible
material [CVCM] of 0.10 percent). In general, a material 1s
qualified on a product-by-product basis. However, GSFC may
require lot testing of any material for which lot wvariation
is suspected. This applies to high outgassing materlals such
as nonmetallics (i.e., paints, epoxies, etc.). In such
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cases, material approval is contingent upon the results of
the lot testing. National Aeronautic and Space
Administration (NASA) Reference Publication 1124 provides
data on various spacecraft materials that were tested
according to ASTM E-595. Even though a material meets the
screening criteria, it may be inappropriate for use around
or within sensitive hardware. This situation may arise as a
result of the upper limits of the TML and CVCM beilng
approached. For such cases, the amount of the material being
used, the location of the material, and the deposition rate
of the material in question shall be examlined and approved
by GSFC.

The contamination acceptance criteria are defined in Table
3-8. The field of view of the TQCM shall be filled as best
possible by the hardware under test. To accurately determine
the hardware outgassing rate, the TQCM shall be located in
or as close to an enclosure opening as practical, thus
isolating the chamber contributions to the TQCM.

The delivered SIPE shall have a minimum surface cleanliness
level requirement of Visibly Clean Highly Sensitive (VCHS),
Level B (Non-Volatile Residue) for exterior surfaces and 400
B for interior surfaces as specified in MIL-STD-1246.

The purge line shall be verified clean to Level 25 per
MIL-STD~1246 and no greater than 1.0 mg/ft¢ (Level A) after
an internal rinse. The hydrocarbon level shall be less than
1 ppn and moisture level shall be less than 1.5 ppn.
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Table 3-8
Contamination Acceptance Criteria Test Summary

Test Parameter Test Condition

Test Chamber Pressure <10 Torr

Hardware Temperature 10°C above the maximum on-orbit operating limats.

TQCM Crystal Temperature 10° C below the minimum on-orbit SIPE operating
limit

Criteria Period 8 hours

Hardware Qutgassing Rate 15 MHz crystal rate of 1 Hz/hr averaged over an 8
hour period
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e. A minimum Class 100K environment per FED-STD-209, with a
maximum of 15 ppm hydrocarbon content (expressed as methane
equivalent) shall be maintained during final assembly and

integration. A Class 10K environment shall be maintained

during installation of an instrument into the SIPE.

3.5.2.2 Contamination Monitoring. Provisions shall be made for
removable witness mirror(s) to be used for cleanliness

monitoring.

3.5.3 Dew Point

During all ground, transportation, storage, pre-launch, and
launch operations with the SI in place, the dew point of the air
inside the SIPE shall be maintained by an externally supplied
purge in accordance with the requirements of the SI.

Note that, during reentry, descent and landing the humidity of
the air entering the SIPE is uncontrolled. All ST and SIPE
surfaces which are at temperatures below the incoming air dew

point are subject to condensation. After a normal landing, a

cargo bay purge will be used to maintain the overall moisture

level at less than 34 grains of water vapor per pound of air.

3.6 ELECTRICAL INTERFACES

3.6.1 SIPE/SI Interface

There shall be access to the SI for system checks via four
external connectors located on the SIPE. Cabling may be routed

from these connectors to the corresponding connectors which

attach to the SI. The use of this interface is optional,
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depending on SI requirements. The wire shall be #16 AWG for the A
and B power harnesses and #20 AWG, twisted shielded pairs, for
the A and B signal command harnesses. The external connectors for
these harnesses are specified in Tables 3-9a and b. The pin
assignments are shown in Tables 3~10a through d. The external
connectors shall be covered with flight compatible Electrostatic

Discharge (ESD) caps when not in use.

3.6.2 Grounding

The SI frame shall be grounded to the ASIPE by means of a short,
thin copper strap similar to that used between the Axial SIs and
the HST. Using the same tools that are required to attach the HST
ground strap to the Axial SI, it shall be possible to
detach/reattach this strap from/to any axial instrument during
ground or EVA instrument changeout. The resistance between the
strap and the connecting structure at each end shall be no
greater than 1.0 ohm. The SI end fitting is shown in Figure 3-12.
Provision shall be made to stow the SI end of the ground strap

when not attached to an SI.
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Table 3-9a
SIPE/SI Harness Connectors
Conn. Harness External SIPE End
J5 A Power LITPQOORT23-21P /453(-101)
J6 B Power LITPQOORT23-21PA /453(-102)
J7 A Signal LITPQOORT17-99P /453(-106)
J8 B Signal LITPQOORT17-99PA /453(107)
Table 3-9b
SIPE/SI Harness Connectors
Harness SI End
A Power LITO6RT23-21S/453(-101)
B Power LITO6RT23-21SA /453(-102)
A Signal LITO6RT17-995/453(-106)
B Signal LGTO6RT17-995A /453(107)
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Table 3-10a

SIPE/SI Pin Assignments

CONNECTOR J5 A POWER
FUNCTION PIN ASSIGNMENT
Power Bus

Power Return

Power Bus

Power Return

Power Bus

Power Return

Power Bus

Power Return

Remote Interface Unit Power Bus
Remote Interface Unit Return Bus
Remote Interface Unit Power Bus
Remote Interface Unmt Return Bus
Spare

Spare

Spare

Spare

Spare

Spare

Spare

Spare

» @ O MM QOATITREZZWARRNAACCE N

Spare

W
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Table 3-10Db

SIPE/SI Pin Assignments

CONNECTOR J6 B POWER
FUNCTION PIN ASSIGNMENT
Power Bus

Power Return

Power Bus

Power Return

Power Bus

Power Return

Power Bus

Power Return

Remote Interface Unit Power Bus
Remote Interface Unit Return Bus
Remote Interface Unit Power Bus
Remote Interface Unit Return Bus
Spare

Spare

Spare

Spare

Spare

Spare

Spare

Spare

> O0ONMOI=RECZZ9RnwAC<E X

Spare

M_____m
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SIPE/SI Pin Assignments

CONNECTOR J7

FUNCTION

Spare

Science Data Ready True
Science Data Ready Complement
Spare

Science Data Gate True

Science Data Gate Complement
Science Data Clock True

Science Data Clock Complement
Science Data True

Science Data Complement

Line Start True

Line Start Complement

Frame Start True

Frame Start Complement
Common Shield For SI Data Lines
Signal Ground

Supervisory Bus "A" True
Supervisory Bus "A" Complement
Supervisory Bus "A" Shield

Reply Bus "A" True

Reply Bus "A" Complement
Reply Bus "A" Shield

Spare

Table 3-10cC
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Table 3-10d
SIPE/SI Pin Assignments

CONNECTOR J&8 B SIGNAL COMMAND
FUNCTION PIN ASSIGNMENT
Spare Z

Science Data Ready True

Science Data Ready Complement

Spare

Science Data Gate True

Science Data Gate Complement

Science Data Clock True

Science Data Clock Complement

Science Data True

Science Data Complement

Line Start True

— Frame Start True
Frame Start Complement
Common Shield For SI Data Lines
Signal Ground
Supervisory Bus "B” True
Supervisory Bus "B" Complement
Supervisory Bus "B" Shield
Reply Bus "B" True
Reply Bus "B" Complement
Reply Bus "B" Shield

Y
X
W
Vv
U
T
S
R
P
N
Line Start Complement M
L
K
J
H
G
F
E
D
C
B
Spare A
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CAPTIVE BOLT SELF LDCKING
LMSC 4174062-00> REF
0.439/0.430 HEX HEAD
TORQUE 90-110 IN-LB.

END FITTING, ALUM.
SEE ST-ICD-0! FOR
DIMENSIONAL DETAILS

P
Hee (O

COPPER
STRAP

SECTION B-B
HST STA. 120.2 (REF.)]
VIEW A-A
-

SI CONNECTOR MTG. SURFACE

NOTE: References: ST-ICD-01, Figure 3.3.2-9 and ST-ICD-02, Figure 3.3-16.

Figure 3-12. Ground Strap Fitting, SI End
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APPENDIX A
DEVIATIONS AND WAIVERS

A.1 INTRODUCTION/PURPOSE

The Orbital Replacement Unit Carrier (ORUC) and Second Axial

Carrier (SAC) are relieved from the regquirements of ST-ICD-91 to

the extent shown on the NASA approved deviations and waivers

listed below and included on the following pages.

Figure Waiver Number and Title Page
A-1 LMMS CHAMP 849-742-WO005R1 Axial Science
Instruments Loads ExXceedances Waiver (ORUC) A-3
A-2Z LMMS CHAMP 8495-742-W0O006R1 Axial Science
Instruments Loads Exceedances Waiver (SAC) A-7

IRN
002
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1. JATE |YYMMDD _
REQUEST FOR DEVIATION/WAIVER (RFD/RFW) F;;mﬂﬂ;gfg:gg OM

Prohc reapartng Durden [or s Zoiactan o4 informanon 1 asumated 19 averaga 2 Nours Dar 745D0N 348, (NCluding the time lor reviewng 2. PROCURING ACTIVIT
nstruclions, seaarching asting ata sources, Jathenng and Mmamntaryng the data Neeged. and complsting and raviewngy tha Colechon al NUMBER

nfarmaton. 3anc COMMENtS “45ar2ing M Surden satimale or any othes aspec! >f this sodechan at nfomanon. including suggeshons
tae reducing this Durcan. 1o Oeparimant ot Dalense, Wasningion Headquarters Services, Directarate lor information Qparatians and
Reparts, 1215 Jetferson Davis Mighway, Suite 1204, Arington, Va 22202-4302, and ¢ the OHice of Managamaent 3nd Buagat,

Pigerwork Reduchon Project (CT24-0188). ‘Masmingtan. DC 20503,
PLEASE QO NQT RETURM YCUR COMPLETED FORM TO EITHER OF THESE ADDRESSES. AETURN

COMPLETED FORM TO THE GOVERANMENT ISSUING CONTRACTING OFFICER ~OH THE
CONTRACT/PROCURING ACTIVITY NUMBER LISTED IN ITEM 2 OF THIS FORM.

> ADDRESS (Sieet, Ciy. State. Zio Coas) 5 X ore

a. TYPED NAME (First, Miadie inial. Lasi) Goddard Space Flight Center. Code 442 - LDEVIATION WA
Greenbelt, MD 20771 8. (Xone) | |MINC:

[ X Imasorn | |emiT:

9. OTHER SYSTEM/CONFIG.
RATION ITEMS AFFECTE"

| ves NO

. DODAAC

rawrence Slivinaski

7. DESIGNATION FOR DEVIATION/WAIVER 8. BASELINE AFFECTED
FUNC- ALLO-

a. MODELTYPE b. CAGE CQDE ¢c. SYS5. DESIG, | d. DEVIWAIVER NO. TIONAL CATED
5M-2 ORUC N/A N/A W-141- W R | % |eropucT

10, TITLE OF DEVIATION/WAIVER
Axial Science ITnscr

11, CONTRACT NO. AND LINE ITEM

wxceder

ant [Loads

M AN T HAL | *lda .

HRBOE4921IN, ORUC Deliverabhle Ihtem 4. 3. NAME (First Midgla /nitial. L5
IIEEI— c. TELEPHONE NO.
~18L%), e

13. CONFIGURATION ITEM NOMENCLATURE
3M-2 Orbital Replacement Unit Carrier

W b. DEFECT NO. c. DEFECT CLASSIFICATION
.. | X IminOR | Imason | lemimc

16. PART NQ, OR TYPE DESIGNATION

15. NAME OF LOWEST PART/ASSEMALY AFFECTED

3M-2 Orbital Replacement Unit Carrcier Assembly 1658000
17. EFFECTIVITY 8. RECURRING DEVIATION/WAIVE
End Item ORUC for Servicing Mission 2 || YES NO

19. EFFECT ON COST/PRICE 20. EFFECT ON DELIVERY SCHEDULE
None None

21. EFFECT ON INTEGRATED LOGISTICS SUPPORT, INTERFACE OR SOFTWARE None
22. DESCRIPTION OF DEVIATION/WAIVER

CRUC system exceeds static structural load inouts to axial scientific instroument as
specified in ICD 5T-ICD- 91 Paragraph 3.4,1.2. Rationale for acceptance is that ORUC

loads are within axial scientific instrument design and tfest load capability as
~rasented in VerilZication Loads Analysis LMMS/?480643. See attached excerpt.

23. NEED FOR DEVIATION/WAIVER
7o authorize the use of CRUC as is for Hubble Space Telescope Servicing Mission 2.

24. CORRECTIVE ACTION TAKEN
None

25. SUBMITTING ACTIVITY

a. TYPED NAME (First, Migaia irmtiai, Last)

b. TITLE
PROGRAM [ COGNIZANT f aA / ~/OM f*’ W/
| /309 1,

= . L. C.
Hicks/Slivinski fCheatam owsgR]MANAGER | ENGINEER S Sec

26. APPROVAUDISAPPRAOVAL a. AECOMMEND - DISAPPROVAL

b. APPROVAL c. DVEHNMENTACTWIW

5 JAPPROVED [ ] DISAPPROVED oM F54S Mj’{f 1

3 TYPED NAME (First. Midgia 'mibal, Last) Wyﬂ'_ DATE SIGNED
["'r’ MED

g. APPROVAL h. GPVERNMENT ACTIVITY
N | APPRQVED [ | DISAPPROVED Qo #nﬁﬂn SPAce FEJG T C::AJ TER

§ E Fowe | NI FA7 L T

30 Farm 1604 APR 02 o T RACTIAVE O rlcer Yfrcus aqiions 318 0DsOIBIE

Figure A-1. LMMS CHAMP 849-742-W0O05R1
Axial Science Instrument Loade Exceedances (ORUC)
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1. DATE YYMMOD) P A
REQUEST FOR DEVIATION/WAIVER (RFD/RFW) T 961510 JQTD?EETE?EE ON

Faphc raporing Surdan for ‘g Coilecton At nlgrmahion /s aslimated [0 Jvarage < hours par responss, ncluaing tha nma lor revigwing 2. FHGEUHIHE ACTIVI

nstruchons, searchiag 2nshneg Jatd icurces, zathenng and mantaming *he data ngeded, and campiating and raviewing tha Cellechan of NUMBER
niormanon 3snd Zomments sagarkng Mg Jurdan asimate or any gthar aspact of tis cotlaction of informancn, ncluding suggesnans

‘ar raducing this burden ' Cepanment 3 Detanse. Wasmngton Haadquartars Services, Directorats ‘or Informatien Operations and

Heports. 215 Jatiarson Daws righway. Swite 1204, Amington, Va 22202-4302. and to Lhe Office 2t Management and Budgst,

P 1perworx Aeduchon Projec! O7054.0138), ‘Washington. DT 23503].

D EFASE JO NQT RETURN YCUR COMPLETED FORM TQO EITHER OF THESE ADDRESSE3. AETURN 3. DODAAC
COMPLETED FORM TO THE QCVEANMENT ISSUING CONTRACTING QFFICER FCR THE

CONTRACT PRCCURING ACTIVITY NUMBER LISTED IN ITEM 2 OF THIS FORM.
b. ADDRESS (Strest, Clty, State, Zip Code) 5. /X cney

- losnationt € lwar

6. (X one) MINC
MAJOR CRIT

9. OTHER SYSTEM/CONFIC
RATION ITEMS AFFECTS

__tves | x INo

a. TWYPED NAME (First, Midale inial, Last)

Goddard Space Flight Center, Code 442
Greenbels, MD 20771

8. SASELINE AFFECTED
FUNC- ALLO-
TIONAL CATED

PROCUCT

7. DESIGNATION FCR DEVIATION/WAIVER
d. DEVIWAIVER NO.

a. MODELTYPE | b. CAGEZODE | c."$YS. DESIG. |
3M-2 ORUC N/A N/A
3

B4R TU2 - W OUR |
10. TITLE OF DEVIATION/WAIVER

Axial Science Instrument Loa
11. CONTHRACT NQ. AND LINE ITEM =
H3B80=4921N, SAC Deliverable Item 1.

il
i
mpyl

o Lk T k) —-

Al

*isld »

b. CODE c. TELEPHONE NO.

e LA 1IN U

[ ]
m b. DEFECT NO.

13. CONFIGURATION ITEM NOMENCLATURE

2M-2 Second Axial Carrier c. DEFECT CLASSIFICATION

MINOR | IMAJOR | lermimic
16. PART NO. OR TYPE DESIGNATION
1545555

15. NAME OF LOWEST PART/ASSEMBLY AFFECTED
iM-2 Assemply, Second Axial Carrier

17. EFFECTIVITY 8. RECURRING DEVIATION/WAIVE
end Item SAC for Servicing Mission 2 | YES NG

19. EFFECT ON COST/PRICE 20. EFFECT ON DELIVERY SCHEDULE
NOone - Norne

21. EFFECT ON INTEGRATED LOGISTICS SUPPORT, INTERFACE OR SOFTWARE None
22. DESCRIPTION OF DEVIATION/WAIVER

SAC system exceeds static structural load i-=puts to axial scientific instrument as

iy =y

smecified in ICD 3T-ICD- 91 Paragraph "3.."\','1.:{ Rationale for acceptance is zhat 3a
loads are within axial scientific instrument design and test load capability as

e & &

~resented in VeriiZication Loads Analysis LMMS/P460643. See attached excerpt.

23. NEED FOR DEVIATION/WAIVER
~o authorize the use of SAC as is for Hubble Space Telescope Servicing Mission 2.

24, CORRAECTIVE ACTION TAKEN
None

25. SUBMITTING ACTIVITY

1. TYPED NAME (First, Migdla initial, Last} b, TITLE c. SIG AE . : J’-
=. L. . rﬂ FROGHAM C\DGNIZANT aA / COM Z;;’ AL ik I%/ ")
“icks/Slivinski]Nallace ulsa | MANAGER | ENGINEER ,,-;,/;ra/fy L :/; F 3,

25 APPROVALIGISAPRROVAL |3 AECOMMEND | [APPROVAL | [OISAPPAOVAL

b, APPROVAL | ¢. GOVERNMENT ACTIVITY
APFH(‘_’]UED - DISAPPROVED

4/
d. TYPED NAME First. Miggie inial. Last)

’!l‘ l-" o4 LT#
e b8 W ez

(YYMMPD)
/I 1V 3
9. APPROVAL

e — 7 GOVERNMENT ACTIVY — /15T FRoTECT, GompARn SPACE
Lol AP v

44 |1%/31/9,

CONTRACTIAG oTER

- _ F
. TYPED NAME ;Fir;E Aidale initfal, Last) ﬂﬂ/” % ] {E Li‘ SDIS ED
G FFORD ) . Effm# ’J - ); //R3 /]

A0 Farm 1594, APR 92 ravious aditions are opsolela

Figure A-2. LMMS CHAMP 849-742-WO006R1
Axial Science Instrument Loads Exceedances (SAC)
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Figure A-2.
Axial Science Instrument Loads Exceedances (SAC)
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